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Next Generation Accelerators in Pursuit of
Compactness, Efficiency and Performance
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S-band Accelerators mm-Wave/THz Accelerators

30 MeV/m GeV/m

mm-Wave/THz Sources
MW, ns, ~0.3 THz




Rapid Development of mm-Wave/THz
Accelerator Technology
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Rapid Development of mm-Wave/THz

Accelerator Technology
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Rapid Development of mm-Wave/THz
Accelerator Technology
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Higher Frequencies Can Achieve Higher Gradients

* Accelerating gradient is
limited by breakdown (i.e.

arcing or plasma formation)

 Breakdown threshold for
surface electric field £ o £

« Demonstrated operation with
~1 GV/m surface fields



Higher Frequencies Can Achieve Higher Gradients
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* Accelerating gradient is THz Guns @ MIT/DESY (E,~ 300 MV/m)

(a) 5 © (a) i

Yield (a.u) ]
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limited by breakdown (i.e. ; — B
arcing or plasma formation) N T Uy

 Breakdown threshold for b= HE Y e

W. R. Huang, et al., Optica 3, 1209-1212 (2016).
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Advantages of Operating at THz Frequencies

SLAC
Additional advantages of high frequency structures:
* Shunt impedance increases as f V2 ~300 GHz Structure
* RF pulse energy decreases as f_ L V/m
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Comparison Between RF and THz Accelerators
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« Scaling structure design from S-band to the THz range

Parameters for 100 MeV/m Gradient 1 V/M
Frequency 3 GHz 300 GHz
Stored Energy [mJ] 8450 0.013 : :
- _iEmC. 3 -
Q-value [x1000] 17.96 2.05 oM /‘
0.5 mm
Shunt Impedance [MOhm/m] 95 514 Axis of Cylindrical
Max. Mag. Field [MA/m] 0.3 Symmetry
Max. Electric Field [MV/m] 210
Fill Time [ns] 2000 2

Loss in 1 meter [MW] 181 19



Comparison Between RF and THz Accelerators

« Scaling structure design from S-band to the THz range

Parameters for 100 MeV/m Gradient 1.v/m’ —
Frequency 3 GHz 300 GHz
Stored Energy [mJ] 8450 0.013 : :
- _iEmC. 3 -
Q-value [x1000] 17.96 2.05 oM /‘
0.5 mm
Shunt Impedance [MOhm/m] 95 514 Axis of Cylindrical
Max. Mag. Field [MA/m] 0.3 Symmetry

X
Max. Electric Field [MV/m] fordgrg i?rﬁzzi?tfge

Fill Time [ns] 2000 2 Potential to operate at
Loss in 1 meter [MW] 181 19 10s kHz vs 100s Hz
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Pulsed Heating in High-Frequency Structures

« Surface temperature rise during RF pulse causes damage

- Surface resistivity increases as "’ 3 GHz Structure
- Cauvity fill time drops dramatically 55
Pritzkau, et al., Phys. Rev. STAB 2002 % 0
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Pulsed Heating in High-Frequency Structures
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« Surface temperature rise during RF pulse causes damage
- Surface resistivity increases as f"? 3 GHz Structure
« Cauvity fill time drops dramatically 18
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Must Understand this New Regime for Frequency, Pulse Length, Stored Energy 10
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mm-Wave Metallic Accelerator Holds the Potential for
High-Gradient Accelerators

 Increased shunt impedance and RF efficiency
w/ mm-wave metallic accelerators

 |nvestigate geometry, gradient, pulse length

Input coupler ceIIs1 7
no damage

« Achieved peak surface field of 1.5 GV/m Acc. gradient 0.3 GV/m

Epeak 0.64 GV/m
Pulse Length ~2.3 ns

and materials

« Next step evaluate performance without drive

Experimental setup with copper .-

be am accelerating structure — FACET
TOP HALF g o —
. N \ _ng(.r of accelerating
S°||d mOdeI Of vertical moving stage -
the 100 GHz right forward I
H fhormm %
accelerating -
structure Electron beam

BOTTOM HALF

N\ Regular cell
Coupler iris

Dal Forno, Massimo, et al. PRAB 19.1 (2016): 011301.
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MIT 1 MW Pulsed Gyrotron Oscillator at 110 GHz

* RF sources limited in mm-wave range

 MIT 1 MW gyrotron oscillator at 110 GHz with up to 3 ys

pulses and frequency tunability

Tax, David S., et al. "Experimental study of the
start-up scenario of a 1.5-MW, 110-GHz
gyrotron." IEEE Transactions on Plasma
Science 41.4 (2013): 862-871. I I I
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Field Distribution for a/A = 0.105 and 1 MW of
Dissipated Power — 400 MeV/m Effective Gradient

» Structure
designed for Electric Field  Frequency = 110.12 GHz Q = 1572
776 g MV/m

comparison with 2 A, A
X-band studies 0l_-_ - WS - .
e E

Iris Thickness (mm) 1.27 MA/m
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S-Parameters for ‘Single-Cell’ Structure for a/A = 0.105
and 1 MW of Dissipated Power
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Single Cell Parameters and Pulsed Heating

g
)

A0.286-T0.2-

Cu-110GHz
Dissipated Power [MW] 1
Peak Surface Electric Field [MV/m] 916
Peak Surface Magnetic Field [MA/m] 1.13
Effective Accelerating Gradient [MeV/m] 404
Accelerating Gradient in Central Cell [MeV/m] 419
Peak Surface Poynting Vector [W/um?] 549
S/H2 [Ohm] 430
Pulsed Heating (20 ns Input)* [°C] 156

()

*
20 ns 1 MW Pulse

1.2

(MA/m)

peak
surf

H
o
=

200

-10 0 10 20
Time (ns)

* 20 ns 1 MW Pulse

Temp Rise (C°)
=] @
(=) [=]

(42
o

'w\)O
o

0 20 40 60 80 100
Time (ns)



Single Cell Parameters and Pulsed Heating
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Prototyping of mm-Wave Structures
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« Assembly of structure and impact on RF and high gradient performance
Is a key concern

 Prototyping effort to test assembly using diffusion bonding and/or brazing
« Completed tests on 8 assemblies consisting of 22 separate RF structures
* Focus is structural integrity, RF performance, frequency shifts

, Below-Cutoff
", Wavgeguide

Three Identical

Cavities
18



Comparison of Assembly Techniques

* Assembly
from halves
makes RF
performance
Insensitive

* Local
features
significantly
different

19



Details of Isolated + Limited Brazed Assembly

N

* New techniques and approaches needed for fabrication
» Successfully adapted split-cell approach to mm-Wave/THz range
» Braze foil tailored to cavity shape to control volume

deam funevd = #0wd Sippal A=SE2 G, Pearsan

'Lm Mag= 16X . doioe S B o g g Date 28 dur 2017 ﬁ

ERE T E T
Filia Wame= EnNetaal ff Sipaian & ENT= 15004y Time 413725

B
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Structure Fabrication for High Gradient Test at 110

 First test with split-cell and diffusion bonding
Applying Advanced Metrology

Pre-Bonding SEM  Mode Converter and Cavities a,hof‘;;sc'“e Loop Manufacturing
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Cold-Test Results for of Diffusion Bonded Structure N

TN
RF performance of cavities, mode converter, diagnostic port, high/low-power
window complete

Frequency within 0.01% of target @ 110.07GHz — thermal tuning to match MW
gyrotron
0 .

Successful Diffusion Bond

A0 F=me . .
m -20! ‘l " E:
=) ' "
o -30 | : |

]
-40 | T-mode /I ‘ i
-50 - - -
109.6 109.8 110 110.2
Frequency (GHz)
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110 GHz High Gradient Structure Assembly Completg!

1 A 5 NATIONAL
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Current _ N
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Efficient Excitation of THz Accelerating Structures

A 7>

T

* Avoid lossy waveguides with quasi-

g £ s g ey

optical transport and couplers

e 232.20[9.142 in]

' |
Measuied/back-piopagaied  Free-space
field in the cut plane of the Gaussian beam

assembly coupled to structu

Nanni, Neilson, Jawla, Schaub 25




Efficient Excitation of THz Accelerating Structures

 Avoid lossy waveguides with quasi- Schaub, Jawla
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Results from Quasi-Optical Transport Test

oy oAn

Gaussian beam launcher used to test excitation

Matches design - TT-mode 110.

Moving Forward to Test @ MIT, Target 1 MW Dissipated >400 MeV/m
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D b AN

Schaub, Jawla

1 GHz, S,,~-25 dB, S,,~-40 dB

-10

0

0

109.2 109

MMM

. ,"" "

Py | \ oA
o f&.,wﬁ“\ / \ ‘M’IJ W
W I / —s,, -

"'Sm

i

I

4 109.6 109.8 110 110.2 110.4 110.6
Freq (GHz)

26



Conclusions

W

mm-Wave/THz accelerating structures have shown the
promise of high gradient achieving GV/m fields

Understanding the performance of structures at high-
frequency and high-field is needed for adoption

Advanced manufacturing techniques deliver expected RF
performance for mm-Wave/THz accelerating structures

Quasi-optical coupling and transport demonstrated
Integration with MW source now underway
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